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Summary
Background: Coronary angiography (CAG) has been the mainstay of diagnostic image analysis
for coronary artery ﬁstula (CAF). However, it is difﬁcult to fully delineate this complex vessel
structure including coronary trees, particularly in cases with large CAF, by this method.
Case reports: In the present 3 cases with large CAF, contrast-enhanced multidetector computed
tomography (MDCT) was performed to examine the whole coronary vessel structure including
CAF. Selective CAG was also undertaken. In all 3 cases, based on the echocardiographic ﬁndings
and the characteristic heart murmur, presence of CAF was suspected. However, transthoracic
echocardiography as well as CAG alone could not deﬁne the whole abnormal vessel structure
precisely. Moreover, CAG could not obtain clear images of the coronary artery with large CAF,
because of contrast-steal. In contrast, MDCT could not only deﬁne CAF in detail but also depict
coronary artery adjacent to CAF. On the basis of the MDCT ﬁndings, in cases 1 and 3, surgical
exclusions were undertaken without and with coronary artery bypass grafting, respectively.
Conclusions: Contrast-enhanced MDCT might be useful for the diagnosis of large CAF and for
the estimation of the coronary artery adjacent to CAF, which is absolutely indispensable for
surgical treatment.
© 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
∗ Corresponding author. Tel.: +81 75 561 1121; fax: +81 75 561 6308.
E-mail address: sjun@msj.biglobe.ne.jp (J. Shiraishi).
1878-5409/$ — see front matter © 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jccase.2009.10.002
a
t
C
p
H
t
m
c
l
(
t
t
i
i
c
ﬁ
r
s
C
t
CMDCT in large coronary artery ﬁstula
Introduction
Coronary artery ﬁstula (CAF) is an unusual congenital or
acquired coronary vessel abnormality and conventional
coronary angiography (CAG) has been the mainstay of diag-
nostic image analysis for CAF. However, it is extremely
difﬁcult to fully depict this complex vessel structure includ-
ing whole coronary trees, particularly in the cases with
high-volume and long-segmental CAF, by CAG. Recent accu-
mulating evidence has shown that multidetector computed
tomography (MDCT) could be an alternative imaging modal-
ity of choice for coronary artery disease by its high temporal
and spatial resolution power. We describe our experiences
with 3 unusual cases of large CAF, which could be deﬁned
and diagnosed noninvasively by contrast-enhanced MDCT.
Case reports
Case 1A 62-year-old male was referred to our hospital with heart
murmur. Transthoracic echocardiography (TTE) revealed
dilated left main trunk (LMT), anomalous vessel-like struc-
ture behind the aortic root, and round-shape echo-free
space with partial calciﬁed surface compressing right
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Figure 1 Case 1 (A and B) Volume-rendered three-dimensional ima
a large tortuous anomalous vessel arising from the dilated left main tr
and the huge saccular aneurysm (white arrows) within the large co
view). (C) Curved multiplanar reconstruction image of the MDCT sho
right atrium (white arrowhead). (D) Transaxial image from the MDCT
right atrium (white arrow). AN indicates aneurysm.e107
trium. On the basis of the echocardiographic ﬁndings and
he characteristic continuous heart murmur, presence of
AF was suspected. Thus, contrast-enhanced MDCT was
erformed using a 32-slice scanner (LightSpeed VCT, GE
ealthcare, Milwaukee, WI, USA). The volume-rendered
hree-dimensional images of the MDCT demonstrated a
arkedly dilated LMT and proximal portion of left circumﬂex
oronary artery (LCx), and a sequential tortuous anoma-
ous vessel with giant saccular aneurysm of 66mm× 63mm
Fig. 1A and B). The drainage of the abnormal vessel into
he posterior wall of the right atrium was documented by the
ransaxial images and the curved multiplanar reconstruction
mages (Fig. 1C and D). There were no signiﬁcant stenoses
n the right coronary artery (RCA), left anterior descending
oronary artery (LAD), or distal LCx. These ﬁndings con-
rmed the diagnosis of LCx ﬁstula with giant aneurysm to
ight atrium and surgical treatment was planned. Before the
urgery, cardiac catheterization was performed. Although
AG ﬁndings were almost consistent with those based on
he MDCT, CAG could not depict the drainage site of the
AF and could not fully estimate the LAD or the distal
Cx, because of contrast-steal produced by the large-volume
AF (Fig. 2A—C). Right heart catheterization revealed a
ulmonary to systemic blood ﬂow ratio of 1.40 without
ulmonary hypertension. Based on the MDCT ﬁndings, sur-
ical exclusion was achieved by ligating the inﬂow of the
ges of the multidetector computed tomography (MDCT) showed
unk and proximal portion of the left circumﬂex coronary artery
ronary artery ﬁstula (CAF) (A, left anterior view; B, posterior
wed the whole CAF and the site of drainage of the CAF into the
showed the drainage of the CAF into the posterior wall of the
e108 J. Shiraishi et al.
Figure 2 Case 1 (A) Selective coronary angiography (CAG) of the right coronary artery in the left anterior oblique cranial view
showed no abnormality. (B) Selective CAG of the left coronary artery in the caudal view could not evaluate the left anterior
descending coronary artery and the left circumﬂex coronary artery because of contrast-steal produced by the large coronary artery
ﬁstula (CAF). (C) Selective CAG of the left coronary artery in the caudal view showed the large CAF originating from the dilated
left main trunk and proximal portion of the left circumﬂex coronary artery. The giant aneurysm (black arrows) in the CAF and the
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nrainage side of the CAF were not clearly visible. (D) Volume-
omography after the surgery showed an optimal result.
AF just distal to the main branch of the LCx and the
utﬂow in the high posterior wall of the right atrium and
esecting the whole abnormal vessel structure including the
iant aneurysm without coronary artery bypass grafting.
epeat MDCT after the surgery conﬁrmed the successful lig-
tion of the CAF just distal to the main branch of the LCx
Fig. 2D).
ase 2
64-year-old female was referred to our hospital with
ild chest discomfort on effort. She had had sepsis and
uspected infective endocarditis 4 years before. Subse-
uent TTE showed severe dilations of LMT and coronary
inus as well as anomalous vessel-like structure above the
asal anterolateral wall of the left ventricle. From the
chocardiographic ﬁndings and the characteristic continu-
us murmur, presence of CAF with or without persistent
eft superior vena cava (PLSVC) was suspected. In order to
xamine coronary trees including the suspected CAF, CAG
d
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eered three-dimensional image of the multidetector computed
as performed. Before CAG, we conﬁrmed the presence of
LSVC by injecting contrast media from the left brachial
ein. No abnormalities were found in the RCA (Fig. 3A). A
elective CAG of the left coronary artery (LCA) showed a
everely dilated LMT and proximal LCx, as well as a sequen-
ial tortuous anomalous large vessel (Fig. 3B). In the late
hase of the CAG, contrast-enhanced PLSVC, coronary sinus,
nd right atrium were detected, suggesting the presence
f CAF between LCx and PLSVC/coronary sinus (Fig. 3B).
owever, the exact relationship among the huge anoma-
ous vessel, PLSVC, and coronary sinus could not be deﬁned
nd the LAD and the LCx could not be clearly visualized
y CAG. In contrast, MDCT clearly delineated a huge tor-
uous CAF deriving from dilated proximal LCx and draining
nto the PLSVC connected with the extremely dilated coro-
ary sinus (Fig. 3C and D) and could depict the LAD and the
istal LCx (Fig. 3C and D). Moreover, the drainage of the
AF into the PLSVC was conﬁrmed by the curved multipla-
ar reconstruction image (Fig. 3E). These ﬁndings conﬁrmed
he diagnosis of LCx ﬁstula to PLSVC. The CAF was diffusely
ctasic without focal aneurysmal formation and the risk of
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Figure 3 Case 2 (A) Selective coronary angiography (CAG) of the right coronary artery in the left anterior oblique cranial view
showed no abnormality. (B) Selective CAG (subtraction image) of the left coronary artery in the right anterior oblique caudal view
showed the large anomalous vessel originating from the dilated left main trunk (LMT) and proximal portion of the left circumﬂex
coronary artery (LCx). Persistent left-sided superior vena cava (PLSVC; black arrowhead), remarkably dilated coronary sinus (white
arrows), and right atrium were visualized. The left coronary artery trees as well as the exact drainage site of the coronary artery
ﬁstula (CAF) were not clearly depicted. (C and D) Volume-rendered three-dimensional images of the multidetector computed
tomography (MDCT) depicted a large tortuous anomalous vessel arising from the dilated LMT and proximal portion of LCx and
draining into the PLSVC (white arrowhead) connected with the enlarged coronary sinus (white arrow) (C, right anterior oblique
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Mcaudal view; D, left lateral view). (E) Curved multiplanar reco
and the site of drainage of the CAF into the PLSVC (white arrow
atrium.
rupture was considered relatively low. Although we could
not rule out the possibility that mild congestive heart fail-
ure might contribute to her chest symptoms at admission,
her chest symptoms disappeared after the CAG, and exer-
cise stress myocardial scintigram revealed normal perfusion.
Thus she has been carefully observed without surgical treat-
ment.
Case 3
A 64-year-old male was referred to our hospital with abdom-
inal aortic aneurysm of 62mm× 51mm. Before surgical
treatment of the abdominal aortic aneurysm, TTE was
performed in order to evaluate cardiac performance. It
revealed dilation of the proximal RCA, anomalous vessel-like
structure adjacent to the free wall of the right ventricle,
and blood ﬂow signal from the space into the right ventri-
cle. On the basis of the echocardiographic ﬁndings and the
characteristic continuous murmur, presence of CAF between
RCA and right ventricle was suspected. Subsequent MDCT
c
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mction image of the MDCT showed the whole CAF (black star)
). AAo indicates ascending aorta; CS, coronary sinus; RA, right
emonstrated a markedly dilated proximal portion of the
CA, almost normal mid-distal portions of the RCA, and an
neurysmal anomalous vessel (Fig. 4A and B). The transax-
al image from the MDCT showed the drainage of the CAF
nto the right ventricle (Fig. 4C). These ﬁndings conﬁrmed
he diagnosis of RCA ﬁstula with aneurysmal formation to
ight ventricle. To terminate the risk of rupture, a surgi-
al intervention was planned. Before the surgery, cardiac
atheterization was performed. Consistent with the MDCT
ndings, CAG showed a severely dilated proximal segment
f the RCA, a subsequent aneurysmal vessel-like structure,
nd a contrast-enhanced right ventricle (Fig. 4D). However,
AG could not depict the mid-distal portions of the RCA
learly (Fig. 4D). Right heart catheterization revealed a pul-
onary to systemic blood ﬂow ratio of 1.53. Based on the
DCT ﬁndings, surgical exclusion was performed by patch-
losing the large RCA ostium, ligating the outﬂow of the
AF in the free wall of the right ventricle, and resecting the
hole aneurysmal vessel structure, and concomitant coro-
ary artery bypass grafting using saphenous vein graft to the
id portion of the RCA was performed. Repeat MDCT after
e110 J. Shiraishi et al.
Figure 4 Case 3 (A and B) Volume-rendered three-dimensional images of the multidetector computed tomography (MDCT) showed
a severely dilated proximal portion of the right coronary artery (RCA) with a subsequent large aneurysm and almost intact mid-
distal portion of the RCA (A, right anterior view; B, posterior view). (C) Transaxial image from the MDCT showed the drainage of the
coronary artery ﬁstula (CAF) into the right ventricle (white arrow). (D) Selective coronary angiography (CAG) (subtraction image)
using a pigtail catheter of the RCA in the left anterior oblique cranial view showed a grossly dilated proximal portion of the RCA, a
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mollowing aneurysmal anomalous vessel, and the contrast-enhan
ould not be detected. (E and F) Volume-rendered three-dimen
he patency of the saphenous vein graft to the mid portion of t
urgery conﬁrmed the patency of the saphenous vein graft
Fig. 4E and F).
iscussion
lthough CAG remains the gold standard for diagnostic
mage analysis for CAF, it is very difﬁcult to fully delineate
his abnormal vessel structure including the drainage site,
articularly in cases with large-volume and long-segmental
AF, by this method. Moreover, in the present cases of large
AF, it is extremely difﬁcult to evaluate the entire coro-
ary arteries with the CAF, because of the contrast-steal.
n contrast, there have been some case reports to show
he usefulness of MDCT in the diagnosis of CAF [1—6]. In
hose reports, CAG alone could not fully delineate the over-
ll course of CAF, consistent with our present cases. On the
ontrary, MDCT was deﬁnitely superior to CAG particularly
n depicting the whole CAF and deﬁning the drainage site of
AF exactly. A report has indicated that multiplanar recon-
truction images of MDCT might be useful for detecting the
rainage site of CAF, consistent with present cases 1 and
[1]. Moreover, our present cases have demonstrated that
DCT could estimate the coronary artery affected by high-
olume CAF, which is difﬁcult to delineate by CAG alone
ecause of contrast-steal. Detailed information regarding
ot only CAF itself but also major coronary arteries is indis-
w
g
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cright ventricle (black arrow). The mid-distal portion of the RCA
l images of the MDCT after the surgical intervention conﬁrmed
A (E, right anterior view; F, posterior view).
ensable for determining surgical interventional strategy. In
ur cases 1 and 3, the MDCT ﬁndings contributed to the deci-
ion to add coronary artery bypass graft surgery or not in
ddition to surgical exclusion of CAF. Thus, it is reasonable to
ropose that MDCT might play an important role in the diag-
osis and the surgical treatment in patients with large CAF.
his is the ﬁrst report to document the usefulness of MDCT
n depicting the CAF as well as the coronary arteries adja-
ent to the CAF among patients with large CAF, compared
ith CAG. However, it is not uncommon that multiple small
eeding vessels and drainage vessels in CAF, which could not
e detected by angiography and MDCT, are encountered dur-
ng surgery. More advanced MDCT with higher temporal and
patial resolution ability might conquer this problem in the
ear future.
onclusion
hree unusual cases of large-volume CAF could be deﬁned
nd diagnosed noninvasively by MDCT. In addition, MDCT
ight be useful for the depiction of the coronary artery
ith high-volume CAF, which is absolutely necessary for sur-
ical treatment. However, the usage of 32-slice MDCT in our
eport is a major limitation and the latest computed tomog-
aphy with more than 32 detectors should be performed in
ases with large CAF to conﬁrm our ﬁndings.
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